The effect of abscisic acid on growth, respiration, the ATP pool, and rate and amount of RNA synthesis in aseptically cultured axes of Phaseolus vulgaris during the first 24 hours of germination has been measured in experiments where the duration of abscisic acid application and its concentration have been varied. At concentrations from 10-7 to 10-4M, abscisic acid inhibits synthesis of RNA with maximal inhibition (80%) at 10-5 M. RNA synthesis is inhibited by abscisic acid at all times examined (12, 18, and 24 hours), but the extent of inhibition is maximal at 18 hours. In 18-hour axes RNA synthesis is inhibited 42%, ATP pool size is reduced 3%, and 02 consumption is decreased by 6% after 75 minutes of abscisic acid treatment. Inhibition of RNA synthesis is complete by 2 hours of treatment with abscisic acid, and recovery to near control levels occurs by the 3rd hour after removal from abscisic acid.
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ABA has been reported to have an important role in regulating growth and development in plant tissues (1, 11) . One effect of this hormone that has been examined is its ability to inhibit protein and nucleic acid synthesis in growing and senescing tissues (2, 4, 5 8, 14, 21) . These reports have described the action of ABA on numerous components of nucleic acid metabolism. It is not clear whether these represent independent actions of ABA or are the result of prior changes in other parameters of cellular metabolism. In addition, these studies have often relied on continuous and prolonged application of the inhibitor which may result in poisoning of the tissue or have failed to take into account fluctuations in precursor pool size and specific activity which may result from hormone treatment.
Germinating axes of Phaseolus vulgaris provide an advantageous experimental system in which to determine the role of ABA in the regulation on nucleic acid metabolism. Cell divisions do not commence until the 18th hr of germination (18) . The early period of growth is entirely by enlargement of a numerically stabilized population of cells. The pattern of RNA accumulation and synthesis during germination of Phaseolus axes has been previously described (16 (16, 17) . The conversion of adenosine to guanosine was negligible (17) . Axes were pulsed in 20 ,Ci/ml (1.32 X 106 M) 3H-adenosine (New England Nuclear) in Gamborg's medium without auxin for 1 hr in the dark at 25 C; these are the standard incubation conditions.
RNA was extracted (>80% yield) by the method of Solymosy et al. (12) as previously modified (15) . RNA was run on 2.4% acrylamide gels as described by Loening (9) . Gels were scanned with a Gilford spectrophotometer with a linear transport attachment. RNA species were identified using the criteria of Loening and Ingle (10) . Gels were sliced to 1 mm and prepared for scintillation counting (13).
All scintillation counting was performed in Aquasol (New England Nuclear) in an Intertechnique liquid scintillation spectrometer (SL 30).
Abscisic acid was a gift of the Hoffmann-La Roche Co.
RESlULTS
Growth Measurements. There is a rapid increase in wet weight of the axes during imbibition which is completed by the 3rd hr ( Fig. 1) . ABA has no effect on this process. After imbibition is complete, there is a period of several hours during which there is no change in axis wet weight. Wet weight increase is then resumed and continues at a linear rate during the first 24 hr in both control and ABA-treated (10-s M) axes. The over-all increase in wet weight of ABA-treated axes is inhibited by approximately 20%. The increase in weight from hours 6 to 24 which represents axis growth as distinct from imbibition is inhibited by 40%.
RNA Synthesis. Figure 2 shows the pattern of RNA synthesis in germinating axes of P. vulgaris at the time points selected for study. The amount of RNA synthesized per axis and the rate of RNA synthesis (expressed as grams RNA synthesized per gram of RNA in the tissue) in control axes are initially low but increase after the 12th hr as was previously reported (16) .
When ABA (10-6 M) is continuously present in the culture medium the amount of RNA synthesized per axis and the rate of RNA synthesized are both suppressed at all times (Fig. 2) . The ABA effect is concentration-dependent (Fig. 3) . At (Fig. 4) . With 2 hr of pretreatment, the maximal depression of 80% in the rate and amount of RNA synthesis occurs, there being no further depression of RNA synthesis when the preincubation period is increased to 4 hr.
Axes that have been incubated in 10-i M ABA medium for 2 hr recover from inhibition and restore a near normal rate of RNA synthesis when subsequently transferred to the control medium (Fig. 5) Rate and amount of RNA synthesis in axes incubated in control medium and pulsed for 1 hr in standard incubation conditions at the times indicated (A, 0). Axes incubated in control medium for the first 16 hr, then transferred to 10-M ABA medium from hour 16 to 18 and returned to control medium for the indicated intervals. These axes were pulsed in the final hour in the medium they were then in with 3H-adenosine (A, 0). radioactivity. At 10O-ABA when ATP pool size is significantly reduced (45% below the control) specific radioactivity is also low indicating that substantially less adenosine has been taken up and phosphorylated to ATP in these axes.
ATP pool size is reduced only 3 % with a 15-min pretreatment of ABA followed by a 1-hr pulse of 3H-adenosine in ABA-containing medium. With 2 hr of ABA pretreatment, ATP pool size is reduced about 15% and continues to decline during a 4-hr preincubation period (Fig. 9) . Specific radioactivity of the ATP pool in ABA-treated axes is inversely correlated with pool size.
ATP pool size returns to approximately control levels after 3 hr of recovery in ABA-free medium (Fig. 10) . Similarly, specific radioactivity of the ATP pool returns to control values.
Respiration iMeasurements. In axes incubated in control medium, there is a linear increase in the rate of 02 consumption from 8 to 24 hr (Fig. 1 la) . In axes continuously incubated in 1I-M ABA, respiration is inhibited at all stages of germination and does not show a linear increase in 02 consumption. In axes pretreated for 2 hr in 10-5 M, ABA respiration is inhibited about 8% at all stages of germination (Fig. 1la) . Shorter preincubation times in ABA reduced inhibition of 02 consumption, and extending the preincubation time in ABA to 4 hr resulted in only a 16% inhibition of 02 consumption (Fig. llb) . 6 . Gel electrophoresis of RNA isolated from axes cultured for 18 hr in control medium and pulsed for 1 hr in standard incubation conditions (0). Gel electrophoresis of RNA isolated from 18-hr axes which had been pretreated for 2 hr in 10-M ABA and then pulsed for 1 hr (0). 3rd hr of recovery these axes were synthesizing 85% of the control amount of RNA.
During germination all species of RNA were synthesized (16); ABA uniformly reduces the amount of label incorporated into all species of RNA at 12, 18, and 24 hr of germination (Fig. 6 , data shown for 18-hr axes only).
ATP Pool Size and Specific Radioactivity. ATP pool size in germinating axes is small from the 8th through the 12th hr then triples by the 18th hr (Fig. 7) . ATP specific radioactivity remains approximately constant until the pool size increase is completed, then increases.
When ABA (10-5 M) is continuously present in the medium, the ATP pool size is reduced at all stages of germination measured (Fig. 7) . The ABA effect is maximal at the 18th hr when total ATP content is reduced by 15%.
The ABA effect is concentration-dependent (Fig. 8) . At 10-7 M ABA the size of the ATP pool is reduced by 10%. Unlike the effect of ABA on RNA synthesis which is complete at 10-further increase in hormone concentration to 104 M suppresses the size of the ATP pool to a significantly greater extent. At concentrations of ABA less than 10-4 M, ATP specific radioactivity is increased so that pool size is inversely correlated with specific synthesis is inhibited by 80%, whereas respiration is inhibited by 5% and ATP pool size by 16%. ATP pool specific radioactivity increases with ABA concentration (through 10-5 M) and is inversely correlated with the total ATP pool size; adenosine uptake and phosphorylation to ATP in ABA-treated tissue occurs at a rate equal to or greater than in control tissue (up to a concentration of 104 M).
In axes incubated continuously in 10-5 M, ABA growth is inhibited by 40% after 18 hr, while RNA synthesis at 18 hr is inhibited by 65 %. The primary hypothesis to explain these effects of ABA in which RNA synthesis and accumulation are nore severely affected than are the other parameters measured is that the hormone directly inhibits RNA synthesis and does not act through control of precursors. It could be postulated that ABA action depends on a threshold effect on over-all cellular metabo- lism; a slight reduction in respiration and ATP content resulting in a much magnified inhibition of RNA synthesis. These experiments do not distinguish unequivocally between the two alternatives, although other unpublished evidence of ours that ABA has a differential effect on RNA and DNA synthesis mitigates against the hypothesis that some general precursor or energy requirement is missing for RNA but not for DNA synthesis. In addition, the rate of RNA synthesis reaches a plateau of 80% depression after 2 hr of preincubation in ABA, whereas ATP pool size continues to drop throughout a 4-hr preincubation period.
The rate of RNA synthesis increases dramatically after 12 hr in control axes. This increase is more sensitive to inhibition by ABA than is the level of RNA synthesis found at 12 hr. At 12 hr RNA synthesis in ABA-treated tissue is only 35%-inhibited, whereas at 18 hr RNA synthesis is 65% inhibited.
Our results show that the ABA effect on RNA synthesis is nearly complete in 2 hr of pretreatment. This is consistent with the results of Walton and Sondheimer (19, 20) who have shown by using 14C-ABA that this hormone is rapidly metabolized in germinating bean axes to two metabolites neither of which exhibits substantial growth-inhibiting properties.
In contrast to results reported by Bex (2) who found that soluble RNA synthesis was not inhibited to the same extent as that of other species, and those of Walton and Sondheimer (21) who found that synthesis of all species except RNA tenaciously 
